management as well. TMDLs at the Klamath Straits drain outlet could affect farming practices in the Tulelake Irrigation District.
Crops are grown on the wildlife refuges on a commercial basis and in part as food for wildlife, principally waterfowl, and to provide income for refuge management. Sugarbeets are a recent addition to cropping systems in the region. Between 8,000 and 9,000 acres of sugarbeets have been produced in the Upper Klamath Basin per year. Currently, sugarbeet production has been halted, at least temporarily, as the sugar company undergoes financial reorganization. There are 60,000 acres of sugarbeets statewide in California. This crop has been criticized by some environmentalists as inappropriate for the refuges because they are considered to have little value for waterfowl and because of misperceptions about the amount of pesticides used in their production.
But there are many ways in which crops and agriculture for crop production influence the environment. Focusing on waterfowl alone may result in the loss of other benefits, including use by other types of wildlife, particularly birds of prey, and the net removal of nutrients from the ecosystem.
Typically, phosphorus limits aquatic plant production in freshwater systems. Algae and other aquatic plants respond primarily to phosphorus additions to surface waters. If farming is contributing phosphorus in ecologically significant amounts to surface waters in the region, restrictions on farming practices are likely to be imposed. Phosphorus levels in surface waters entering the Tulelake Irrigation District are high, and area soils contain large amounts of organically bound phosphorus. Because of the unusual character of the soils in the district, which have large amounts of organic matter, there is a risk that fertilizer phosphorus may be lost in drainage waters if application rates significantly exceed crop needs. A fertilizer use survey of farmers and fertilizer suppliers that we conducted in the Tulelake area, in 1996 and 1997, suggested that farmers may be overusing phosphorus fertilizer in the production of sugarbeets.
Sugarbeets are deep-rooted, good at recovering nutrients from the soil profile, and have a long growing season, characteristics that favor the uptake of nutrients. However, to maintain the ability to produce sugarbeets or any other crop in the Tulelake area, fertilizer management practices must include an awareness of potential off-farm effects. The purpose of our research was to identify the minimum fertilizer phosphorus and nitrogen rates necessary for economic sugarbeet production on the soils of the Tulelake Irrigation District.
Under the Clean Water Act, total maximum daily loads (TMDLs) for the Klamath River watershed are likely to include nutrients such as nitrogen and phosphorus. Agricultural return flows to canal system in the Tulelake Irrigation District.
Low rates of fertilizers tested
A single sugarbeet cultivar ('Hilleshog Bighorn') was planted on May 6, 1998, and April 23, 1999, in small plots at the Intermountain Research and Extension Center at Tulelake, Calif. Prior to sugarbeets, fields had been planted to potato and barley crops in a rotation similar to that followed by many growers in the region. The preceding barley crop was uniformly fertilized at low rates. The soil at the site is a Tulebasin mucky, silty, clay loam (mixed, mesic, Andaqueptic Haplaquolls). It is similar to the Tulana and Capjac soils, and together these are found on a majority of the land farmed in the Tulelake Irrigation District (NRCS 1994) . A factorial arrangement of five phosphorus (0, 10,20, 30 and 60 pounds per acre) and five nitro-, gen fertilizer levels (0, 10, 20, 40 and 80 pounds per acre) was established at planting. Phosphorus was applied at a uniform rate in groups of four plots at a time, and nitrogen treatments were randomized within phosphorus rates. These rates, ~ alone and in combination, emphasized the lower rates of nitrogen and phosphorus fertilization.
Apart from fertilizer applications, plots were managed and irrigated uniformly throughout the season. In 1999, soil samples (0 to 4 feet) were collected in 1-foot increments at the end of the season to analyze nutrient content. Roots were harvested and soil samples were collected in the third week of October in both years. At harvest, roots were analyzed by Spreckels Sugar in Woodland for sucrose and impurities. Petioles were also collected at harvest to determine if there were differences in petiole nitrate content and if these were correlated with fertilizer treatments. Data were analyzed using regression procedures in which root yield, sugar percent, and gross and recoverable sugar yields were compared to nitrogen and phosphorus application rates. Recoverable sugar is calculated from gross sugar yields, modified by the concentration of impurities including sodium, potassium and amino-nitrogen found in roots. 
No response to fertilizer
Mean root, gross sugar and recoverable sugar yields were similar in 1998 and 1999 (table 1) . Crop response to applied fertilizer was not significant. There was little variation among plots in the trial, and little of the variation was attributable to fertilizer application. Furthermore, the data indicate that there was no discernable fertilizer response for root or recoverable sugar yields (figs. 1 and 2). Recoverable sugar estimates the amount of sucrose actually refined from beets. It is always lower than the gross sugar levels calculated for the crop. The greater the recovery rate, the more efficiently and profitably the factory operates, and the higher the profit-sharing returns to the growers. Leaf petiole nitrate content is used to assess fertilizer management in sugarbeets. Early in the growing season, petiole nitrate-nitrogen (NO,-N) values often occur in the range of 10,000 to 15,000 parts per million (ppm) on a dry matter basis. At 6 weeks prior to harvest, petiole nitrate levels should have declined to 1,000 pprn for the highest sucrose concentrations to be achieved in roots. Higher petiole levels late in the growing season are thought to stimulate leaf expansion and leaf initiation at the expense of sucrose accumulation in roots.
In most of California, sugarbeet fertilizer rates are adjusted to achieve end-of-season nitrate-nitrogen depletion based on local experience with petiole analysis, and fertilizer rates based on preplant soil analysis for nitrate-nitrogen (Hills et al. 1982) . In these trials, petiole nitrate-nitrogen levels at harvest tended to be higher than the 1,000 ppm level recommended for the last 6 to 8 weeks prior to harvest ( fig. 3) . This was especially true in 1999, indicating that nitrate levels were above desirable levels late in the growing season.
There seemed to be no clear relationship between nitrogen or phosphorus fertilization and petiole nitrate-nitrogen levels ( fig. 3 ) . In the rich soils of Tulelake, even some unfertilized plots had levels of 4,000 pprn or greater in both years, suggesting that soil organic matter mineralization continued until the end of the growing season, and that sugarbeets continued to Soils in the Tulelake Irrigation District are rich in organic matter, which gives them high water-holding capacity and excellent drainage characteristics. Agricultural returns flow into the district's canal system, above. The average sugarbeet crop removes 20 to 30 pounds per acre of phosphorus and 120 to 150 pounds per acre of nitrogen.
take up nitrate-nitrogen until harvest.
Despite elevated petiole nitrate levels at harvest, sugar percentages were high compared to most locations in California. We hypothesize that this is due to late-season photosynthesis, when air temperatures are low and retard leaf canopy development despite the stimulus of abun- Soil samples collected at harvest were analyzed for nitrate-nitrogen and Olsen phosphorus (a measure of the amount of soil phosphorus potentially available to crops) ( fig. 4) . Nitratenitrogen in the soil profile at the end of the growing season in the highest application rate plots (80 pounds per acre) was significantly greater than in the control plots, particularly lower in the horizon. Because the beet yields in control plots were identical to those in the heavily fertilized plots, most of the fertilizer nitrogen applied was surplus to crop needs. Phosphorus behaved differently. Larger phosphorus fertilizer rates did not lead to enrichment of extractable phosphorus. 
Removing nutrients with crops
The soils reclaimed from the original Tule Lake bed are enriched and have both high water-holding capacity and excellent drainage characteristics. They are fertile, and farmers typically report underfertilizing grain crops, applying less in nitrogen and phosphorus than the crop removes. These trials indicate that sugarbeets need little if any supplemental fertilization to produce excellent agronomic yields when grown in this location. Furthermore, reduced expense for fertilizers improves profitability.
An average beet crop removes 20 to 30 pounds per acre of phosphorus in the harvested roots. Nitrogen removal is approximately 120 to 150 pounds per acre or more, depending on crop yield and impurities (Kaffka and Hills 1994) . Based on results from these trials, beets can be used to reduce the risk of nitrogen and phosphorus loss in drainage waters, especially late in the season, by being fertilized at levels equal to or less than the amount removed in harvested root. Some nutrients are partitioned within the plant to leaves and crown tissues, which act as an organic matter addition to the soil. These residues re-enter the soil nutrient cycles and provide nitrogen and phosphorus to subsequent crops. soluble nutrients rather than to have them remain in the soil profile, where they are subject to leaching and increase the risk that soils will contribute excess nutrients to ground or surface waters. In the Tulelake Irrigation District, most drainage ends up in surface waters. Sugarbeets, with their deep root system and long growing season, can be used as part of a management system to reduce the threat of nutrient pollution of surface waters by taking up nutrients mineralized from the organic matter in these soils, or left over from previous crops such as potatoes.
The goal of crop fertility management, especially in environmentally sensitive areas, is to provide for crop
